Background and Purpose-To identify risk factors for intracerebral hemorrhage (ICH), we examined data from the Hemorrhagic Stroke Project (HSP), a case-control study of hemorrhagic stroke among men and women aged 18 to 49 years. Methods-Case subjects for the HSP were recruited from 44 hospitals in the United States. Eligibility criteria included an ICH within 30 days preceding enrollment, no history of stroke or known brain lesion. For this report, we focused on patients with primary ICH, defined as not associated with an aneurysm, arteriovenous malformation or other structural lesion. Two control subjects were sought for each case subject. A multivariate regression analysis was performed to determine risk factors for primary ICH. Results-A total of 1714 patients with hemorrhagic stroke were identified for participation in the HSP. Of these, 217 cases met the criteria for primary ICH. 
I
ntracerebral hemorrhage (ICH) and subarachnoid hemorrhage (SAH) occur in 55 000 to 60 000 people in the United States every year. 1 The mortality of hemorrhagic stroke is 40% to 50%. 1 Therefore, prevention of hemorrhagic stroke remains the most important means of reducing its morbidity and mortality. Effective prevention requires understanding the factors underlying the occurrence of ICH and the population subgroups at greatest risk. We have previously reported on the risk factors for aneurysmal SAH in the young. 2 Only 20% of ICHs have a clear cause of arterial rupture identified on brain imaging or cerebral angiography. 1, 3 Most ICHs result from rupture of a small penetrating artery or arteriole within the brain. ICHs in the deep subcortical regions, cerebellum, and brain stem are the most common locations for ICH and are thought to follow damage of small penetrating arteries from sustained hypertension. 1, 4 In contrast, only 50% to 60% of cases with a lobar or cortical hemorrhage have a history of hypertension. 1, 5 A small percentage of lobar hemorrhages are attributable to identified structural abnormalities such as vascular malformations or tumors. The identification of amyloid deposition in cortical arterial blood vessels in the 1970s identified amyloid angiopathy as associated with lobar hemorrhages in the elderly (aged Ͼ70 years). 6 Amyloid deposition in leptomeningeal blood vessels before the age of 60 years is rare in autopsy studies. 6 The Hemorrhagic Stroke Project (HSP) was a collaboration between investigators of 4 clinical stroke centers and their surrounding hospitals, the Food and Drug Administration, and manufacturers of products containing phenylpropanalamine (PPA). The main purpose of the project was to examine the association of PPA to risk of hemorrhagic stroke in persons aged 18 to 49 years. Primary results of the HSP have been reported elsewhere. 7 The goal of this analysis was to study the risk factors for "primary ICH without a documented structural cause."
Methods
Between December 1994 and July 1999, we identified patients with symptomatic subarachnoid or ICH from 44 hospitals in Connecticut, Massachusetts, Ohio, Kentucky, Rhode Island, and Texas. 7 Eligibility criteria for cases included: age 18 to 49 years, ability to communicate and complete the interview within 30 days of stroke event, no previously diagnosed brain lesion predisposing to hemorrhage (ie, arteriovenous malformation, tumor, aneurysm), and no previous stroke. Cases were recruited in-person or by telephone as soon as they were identified, provided their personal physician approved.
An ICH was diagnosed by appropriate symptoms plus a CT or MRI showing blood in the brain parenchyma. For the present analysis, we focused on cases of primary ICH, including only those cases without documented structural cause, such as an aneurysm or arteriovenous malformations. The primary analysis for this report includes patients with either negative angiograms or, if an angiogram was not performed, a CT scan showing no evidence for an underlying lesion. The HSP did not direct physicians in their diagnostic evaluation of these patients.
We attempted to identify 2 matched controls for each case using random digit dialing. Matching criteria included telephone exchange, gender, ethnic group (black versus nonblack), and age. All control subject interviews had to be completed within 30 days of the stroke of the case subject event to minimize seasonal differences in exposures.
Trained researchers used a structured questionnaire to obtain demographic, risk factor, behavioral, and pharmaceutical information from all subjects. Interviews were conducted in-person unless the subject refused or a meeting could not be arranged within 30 days of the focal time of the case subject. 7 These interviews were essential to the design of the HSP. Thus, prospective ascertainment of risk factors studied in this analysis represents a prespecified secondary aim of the HSP.
We computed the odds ratio (OR) and associated probability value for the association between ICH and a subject characteristic or exposure using exact conditional logistic modeling for matched sets. To identify independent risk factors, dichotomous features with PϽ0.10 for the bivariate association with ICH were considered for inclusion in a multivariate logistic model using a forward selection algorithm, with criterion for entry set at Pϭ0.05. The multivariate model was performed using asymptotic methods. Exact logistic models were estimated by the LogXact Program, version 2.1 (Cytel Software Corporation). Adjusted models were estimated using SAS Version 8.0 (SAS Corporation).
Results
Between 1994 and 1999, 1714 patients with hemorrhagic stroke were identified (Table 1) . Of the 277 cases of ICH, 217 cases met the criteria for primary ICH. Two control subjects were enrolled for 202 case subjects (93%) and 1 control subject for 15 case subjects (7%). All control subjects were matched to their case subjects on gender and telephone exchange. Age matching was successful for 414 controls (99%), and ethnicity matching was achieved for 404 controls (96%).
In bivariate analyses (Table 2) , compared with controls, cases of primary ICH were more likely to have lower educational achievement, have a history of hypertension, diabetes, menopause, and hypothyroidism, to smoke and use alcohol regularly, and to consume caffeine in beverages and drugs.
In the multivariate model of risk for primary ICH, the highest OR for the association with ICH was observed for hypertension (OR, 5.71; 95% CI, 3.61 to 9.05) ( Table 3) . Other significant independent risk factors included diabetes, menopause, current smoking, consumption of Ͼ2 alcohol beverages daily, and consumption of caffeine in beverages or drugs. A separate multivariate model considering packs/day (Ն1/day versus none or Ͻ1/day) in model selection suggested a dose response for smoking Ն1 pack/day as a risk factor (OR, 2.52; 95% CI, 1.47 to 4.32).
When a stratified, adjusted analysis was performed for the variables displayed in Table 3 , the ORs for men and women were of similar magnitude for diabetes, cigarette use, caffeine in drugs, and caffeine in drinks. The ORs were higher among men compared with women for hypertension (8.42 versus 3.44) and alcohol use (2.69 versus 1.64).
Discussion
Hypertension is the dominant risk factor for ICH among men and women aged 18 to 49 years in our study, although diabetes, menopause, current smoking, heavy alcohol use, and caffeine in beverages and drugs may also play a role. Because hypertension, smoking, and regular alcohol consumption are modifiable and common in the young, some of the severe morbidity and mortality associated with ICH in persons aged 18 to 49 years is preventable.
In previous population-based case-control studies, ICH has been consistently associated with advancing age, race (black and Asian populations), hypertension, anticoagulant use, and heavy alcohol use. 1,8 -12 Hypertension is the most important modifiable risk factor in these reports. Risk factors that have been variably related to ICH include prior ischemic stroke, diabetes, and prior aspirin use. [12] [13] [14] More recently, smoking has been clearly associated with risk for ICH in men 15 and women. 16 Our data confirm the importance of hypertension and the additional contributions of diabetes, smoking, and regular alcohol use as risk factors for ICH in the young and middle-aged population. Because alcohol use, in moderation, *Average daily use in preceding 6 months; †2 case subjects and 2 control subjects used cocaine and marijuana in 3-day period; ‡pseudoephedrine hydrochloride, phenylephrine, ephedrine, and epinephrine contained in medications; §as an ingredient in pharmaceuticals. ETOH indicates alcohol.
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Modifiable ICH in the Youngmay be protective for ischemic stroke, our data suggest that heavy alcohol use should be reduced, not eliminated. Unfortunately, the location of ICH in the HSP was not determined; therefore, we could not confirm whether the majority of these primary ICHs were in a deep location, classically associated with ICHs attributable to hypertensive arteriolar vasculopathy at autopsy. We also could not confirm an association between ICH and use of warfarin, as compared with other studies, 12, 17 probably because of the younger age of our study population as compared with studies that include ICH cases of all ages. The prevalence of coumadin use in persons aged 18 to 49 years is very low: only 4 subjects were exposed to coumadin in our study. In addition, because the HSP excluded cases of ICH and SAH who had any prior stroke, we are unable to address the association between prior ischemic stroke and ICH.
Other studies have reported a higher risk of ICH among persons with hypocholesteremia 18 or a lower risk with hypercholesteremia. 19 We could not examine this association. The mechanism underlying this relationship is unknown.
Two very recent studies reported familial aggregation of spontaneous ICH in cases of ICH as compared with controls among stroke patients. 12, 20 We suspect that the lack of familial aggregation in our patients may be attributable to the relatively young age of our population. For example, in elderly patients with lobar ICH, apolipoprotein E4 and E2 alleles have been associated with lobar ICH secondary to presumed or documented amyloid angiopathy of cortical blood vessels. 12 Yet, amyloid deposition in cortical blood vessels before the age of 50 years is extremely rare. 6 Thus, our population would be unlikely to demonstrate any familial aggregation of ICH related to the genetics of amyloid angiopathy.
Our study demonstrates an association between menopause and primary ICH. There are sparse data on the risk of ICH and menopause outside of trials studying hormone replacement therapy (HRT). Menopausal women have been reported to have an increased risk of hemorrhagic stroke during the first 6 months of HRT 21 but not with HRT after an acute myocardial infarction. 22 More potent estrogens and the estrogen/progestin combination have been associated with a reduced risk of fatal ICH. 23 In the Women's Health Initiative, estrogen/progestin was not associated with ICH in women aged 50 to 79 years. 24 The relationship between menopause itself and ICH is not well understood and warrants further study, particularly because treatment of menopausal symptoms may increase the risk of ischemic stroke. Also, this subgroup is small and may be affected by the young age of our cohort.
Our data also reveal an association of consumption of caffeine in beverages and pharmaceuticals with primary ICH. Our previous report of risk factors for aneurysmal SAH in the HSP reported an association between caffeine in pharmaceuticals and aneurysmal SAH, which we regarded as suggestive. 2 Case reports have described stroke associated with pharmaceutical doses of caffeine in combination with PPA 25 and studies involving hypertensive animals suggest that high doses of caffeine in combination with PPA may result in ICH. 26 To our knowledge, this is the first report of ICH in humans associated with caffeine in beverages or pharmaceutical agents. Our finding is based on a secondary analysis of the HSP. Although suggestive, this should only be regarded as hypothesis generating.
Biases that might have affected this analysis of the HSP include selection bias and recall bias. Selection bias could be related to our exclusion of dead and noncommunicative case subjects. We excluded 34% of screened subjects because of death or inability to participate in the interview. It is possible that risk factors are different for ICH leading to death and impaired communication compared with less severe ICH. Another case-control study of risk factors for ICH is examining subjects with all degrees of severity. 12, 27 Information on risk factor exposure is being obtained from medical records and, when available, in-person structured interviews. Preliminary reports indicate that the distribution of risk factors among fatal cases of ICH are similar to that among nonfatal cases. 12, 27 These findings suggest that selection bias related to eligibility criteria may not be a substantial weakness of our study.
Recall bias refers to the tendency of case subjects, compared with controls, to have more or less accurate recall of exposures. Although recall bias is discussed, efforts to demonstrate that it has an important effect on measured associations have commonly failed. 28 In the HSP, we adopted several safeguards against recall bias, including a highly structured interview. In addition, to overcome greater stimulation for recall among case subjects, we used a shorter interval between the focal time and interview dates for control subjects.
In summary, hypertension, smoking, and regular heavy alcohol use are important, modifiable risk factors for ICH in the young and middle-aged and present an opportunity for prevention of this devastating type of stroke. Our data should encourage physician identification and treatment of hypertension, smoking, and heavy alcohol use. The association of ICH with menopause and caffeine consumption deserve further investigation. 
